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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a titanium-copper alloy in which strength is improved 
without reducing flexibility. 

SOLUTION: The titanium-copper alloy has a composition consisting of >2.0 and <3.0 mass% 
Ti and the balance copper with inevitable impurities. Average grain size is <20 urn, 0.2% proof 
stress represented by (b) is >800 N/mm2. When W-bend tests are carried out in a direction 
perpendicular to the rolling direction, the bend radius ratio (bend radius/sheet thickness) 
which is represented by (a) and at which no cracking is brought about, satisfies the relation of 
a <0.05*b-40. 
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* NOTICES * 

•I «i 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the titanium copper alloy with which below 3.5 mass % is contained more than 2.0 mass %, 
and the remainder consists Ti of copper and an unescapable impurity The high intensity titanium copper 
alloy with which the bend-radii ratio (bend radii/board thickness) which the crack displayed by a does 
not generate when 0.2% proof stress as which the diameter of average crystal grain is displayed by 20 
micrometers or less and b performs a W-bending trial in the direction of a right angle to a rolling 
direction or more [ 800Ns //mm ] by two is set to a<=0.05xb-40. 

[Claim 2] Below 3.5 mass % is contained for Ti more than 2.0 mass %. Further Zn, Cr, In the titanium 
copper alloy with which one or more sorts of Zr, Fe, nickel, Sn, In, Mn, P, and Si are contained below 
3.0 mass % more than 0.01 mass % in a total amount, and the remainder consists of copper and an 
unescapable impurity The high intensity titanium copper alloy with which the bend-radii ratio (bend 
radii/board thickness) which the crack displayed by a does not generate when 0.2% proof stress as which 
the diameter of average crystal grain is displayed by 20 micrometers or less and b performs a W-bending 
trial in the direction of a right angle to a rolling direction or more [ 800Ns //mm ] by two is set to 
a<=0.05xb-40. 

[Claim 3] The high intensity titanium copper alloy according to claim 1 or 2 characterized by the 
diameter of average crystal grain being 3-20 micrometers. 

[Claim 4] The high intensity titanium copper alloy according to claim 1 to 3 characterized by having 
performed the last recrystallization annealing at the temperature below the borderline of alpha phase and 
an alpha+Cu 3Ti phase, and being obtained. 

[Claim 5] The manufacture approach of the high intensity titanium copper alloy according to claim 1 to 
3 characterized by performing the last recrystallization annealing at the temperature below the 
borderline of alpha phase and an alpha+Cu 3Ti phase. 

[Claim 6] The manufacture approach of the high intensity titanium copper alloy according to claim 5 
characterized by cooling with the cooling rate after the last recrystallization annealing of 100 degrees 
C/second or more, performing 5 - 70% of cold working whenever [ post-processing ], and performing 
aging treatment for 15 or less hours for 1 hour or more at 300 more degrees-C or more temperature of 
600 degrees C or less. 

[Claim 7] The pole connector using high intensity titanium copper according to claim 1 to 4. 
[Claim 8] The high-intensity titanium copper alloy characterize by to have the processing organization 
where Ti be contain below 3.5 mass % more than 2.0 mass % , aging treatment be perform after press 
working of sheet metal in the titanium copper alloy with which the remainder consist of copper and an 
unescapable impurity , a crack do not occur in when a grain size number be 5-15 micrometers and bend 
radii perform a W-bending trial in the direction of a right angle to a rolling direction by 0 before aging 
treatment , but hardness become 300 or more Hvs after the above-mentioned aging treatment . 
[Claim 9] Ti is contained below 3.5 mass % more than 2.0 mass %. Further Zn, Cr, In the titanium 
copper alloy with which one or more sorts of Zr, Fe, nickel, Sn, In, Mn, P, and Si are contained below 
3.0 mass % more than 0.01 mass % in a total amount, and the remainder consists of copper and an 
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unescapable impurity After press wc>rking of sheet metal, aging treatment is a line crack and a grain size 
number is 5-15 micrometers. And the high intensity titanium copper alloy characterized by having the 
processing organization where a crack does not occur in when bend radii perform a W-bending trial in 
the direction of a right angle to a rolling direction by 0 before aging treatment, but hardness becomes 
300 or more Hvs after the above-mentioned aging treatment. 

[Claim 10] The manufacture approach of the high intensity titanium copper alloy according to claim 8 or 
9 characterized by performing the last recrystallization annealing at the temperature below the 
borderline of alpha phase and an alpha+Cu 3Ti phase, and performing the last cold rolling of 5 - 50% of 
workability after adjusting a grain size number to 5-15 micrometers. 

[Claim 1 1] The pole connector using high intensity titanium copper according to claim 8 or 9. 
[Claim 12] The high intensity titanium copper alloy which consists of remainder copper and an 
unescapable impurity, and is characterized by for tensile strength being 1200 or more MPas, and 
conductivity being more than 10%IACS 2.0-3.5 mass % Including Ti. 

[Claim 13] The high intensity titanium copper alloy which contains one or more sorts of Cr, Zr, Fe, 
nickel, Sn, In, Mn, P, and Si under 3.0 mass % more than 0.01 mass % in a total amount under 2.0 mass 
% more than Zn0.05 mass % further, consists of remainder copper and an unescapable impurity 2.0-3.5 
mass % Including Ti, and is characterized by for tensile strength being 1200 or more MPas, and 
conductivity being more than 10%IACS. 

[Claim 14] The manufacture approach of the high intensity titanium copper alloy according to claim 12 
or 13 characterized by cold-rolling at 95% or more of workability continuously, holding the condition of 
the texture of cold rolling succeedingly, and carrying out aging treatment at the temperature of less than 
15 hours for 1 hour or more by 340 degrees C or more less than 480 degrees C after hot-rolling at the 
temperature of 600 degrees C or more. 

[Claim 15] The fork mold connector characterized by using a high intensity titanium copper alloy 
according to claim 12 or 13. 

[Claim 16] The high intensity titanium copper alloy characterized by having the processing organization 
where Ti is contained below 3.5 mass % more than 2.0 mass %, aging treatment is performed after press 
working of sheet metal in the titanium copper alloy with which the remainder consists of copper and an 
unescapable impurity, and hardness becomes 345 or more Hvs after the above-mentioned aging 
treatment. 

[Claim 17] 2.0-3.5 mass % Ti is included. More than Zn0.05 mass % further Under 2.0 mass % In the 
titanium copper alloy which contains one or more sorts of Cr, Zr, Fe, nickel, Sn, In, Mn, P, and Si under 
3.0 mass % more than 0.01 mass % in a total amount, and consists of remainder copper and an 
unescapable impurity The high intensity titanium copper alloy with which aging treatment is 
characterized by hardness having the processing organization where it becomes 345 or more Hvs after a 
line crack and the above-mentioned aging treatment after press working of sheet metal. 
[Claim 18] The manufacture approach of the high intensity titanium copper alloy according to claim 16 
or 17 characterized by cold-rolling at 95% or more of workability continuously after hot-rolling at the 
temperature of 600 degrees C or more. 

[Claim 19] The fork mold connector characterized by using a high intensity titanium copper alloy 
according to claim 16 or 17. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the high intensity titanium copper alloy excellent in the 
bending nature used for electronic parts, such as a pole connector, and its manufacture approach, and the 
pole connector using them further. Moreover, this invention relates to the high intensity titanium copper 
alloy optimal as an object for fork mold contact with which high intensity is demanded from the metallic 
material which is a raw material and its manufacture approach, and the fork mold connector using this 
titanium copper alloy further. 
[0002] 

[Description of the Prior Art] Since the copper alloy (following titanium copper alloy) containing the 
titanium of CI 990 grade has the outstanding workability and the outstanding mechanical strength, it is 
widely used for the application of a pole connector etc. as an object for electronic parts, on the other 
hand - recent years ~ setting — progress of little[ insincere / ]-izing of electronic parts — old — 
furthermore, it is remarkable, and since it corresponds to this, it has been required also for the copper 
alloy strips for electronic parts that stock thickness should be thin. However, although the ingredient 
became thin, it is required that the reinforcement of the ingredient itself is high in order to maintain the 
contact pressure of a connector etc., and that bending of components should also be performed with 
small bend radii in order to achieve the function in a small tooth space. That is, in addition to being high 
conductivity, it is high intensity and the opposite property that bending nature is good is demanded of 
the titanium copper alloy. 

[0003] Furthermore, since severe and complicated bending shaping is performed also to metal members, 
such as a pole connector for electronic parts, and a leadframe, with progress of high-density-assembly- 
izing, such as a cellular phone, a digital camera, and a video camera, it divides as workability besides 
high intensity, and it is required that bending nature should be good. 

[0004] In such a situation, in order to improve the bending nature and the rate of stress relaxation of a 
titanium copper alloy, the report (for example, JP,7-258803,A) of the manufacture approach of 
performing solution treatment on the heat treatment conditions which do not exceed 20 micrometers for 
a grain size number is made. However, the actual condition is being unable to say that it has the bending 
nature it can not necessarily be satisfied also with the titanium copper which made the above-mentioned 
improvement to the demand of the bending nature to the copper alloy raw material used for electronic 
parts, such as a pole connector in recent years, of nature. In order to satisfy a demand about a titanium 
copper alloy, it is required to improve correlation of reinforcement and bending nature, and it is 
necessary to also improve the manufacture approach of a titanium copper alloy for that purpose. 
[0005] Moreover, when the copper alloy of a Cu-nickel-Si system, a Cu-Cr-Zr system, and a Cu-Cr-Sn 
system is used when the reinforcement whose tensile strength of the copper alloy for electronic parts is 
whenever [ middle / of 500-800MPa ] is required, and high conductivity is required further, brass, 
phosphor bronze, nickel silver, and, and the high intensity more than 900MPa extent is required from 
before, beryllium copper and titanium copper are used. 

[0006] Meanwhile, recently, the need of FPC (flexible printed wiring board) increases, and amelioration 
is added also for the connector for FPC. A fork mold connector is the structure of contacting a substrate 
in the fracture surface of a copper alloy plate unlike the general-purpose connector which is used for the 
connector for FPC and contacts in respect of a metallic material. Therefore, bending is not performed, 
but as a fork mold connector, even if bending nature is not good, it is required in the first place that 
reinforcement should be high. 

[0007] As a fork mold connector, also at the lowest, the tensile strength of 1000 or more MPas is 
required, and in order to be able to respond to various designs, the tensile strength of 1200 or more 
MPas is concretely required. 

[0008] Although stainless steel also has the ingredient which has the tensile strength exceeding 
1200MPa(s) by the thing 301 of high intensity, for example, SUS, Indanthrene loess is as low as 2.4% 
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IACS extent of conductivity, and cajinot be used as an object for fork mold connectors. Also at the 
lowest as a fork mold connector the conductivity of 10%IACS is required. 

[0009] There is beryllium copper as a copper alloy which has the tensile strength of 1200 or more MPas. 
Moreover, as a high intensity copper alloy, although titanium copper is also leading, in order to obtain 
the tensile strength of 1200 or more MPas, 4 mass % titanium is made to contain and special processing 
of MTH (aging processing heat-treatment) etc. must be performed further (5 edited by the metal study 
ingredient nonferrous materials of a lecture and the present age, p78 (Japan Institute of Metals), etc.). 
[0010] However, the titanium copper containing 4 mass %Ti has bad workability, and since a crack 
generates with hot rolling and it is easy to generate a lug crack with cold rolling, it is difficult to 
manufacture with a sufficient yield industrially, and it difficult [ it ] as a raw material for electronic parts 
to promote a product commercially. Moreover, although MTH processing cold-rolls the titanium copper 
after aging treatment further and it is the process which carries out a postheat treatment, it is easy to 
generate a lug crack etc. and it is difficult to manufacture to cold-roll the titanium copper alloy after 
aging treatment. 

[001 1] On the other hand, in the manufacturing method of the former [ copper / (CI 990) / containing 3 
mass %Ti / titanium ], only the tensile strength of lOOOMPa extent is obtained at most. Moreover, 
although it is known that the ingredient which excelled [ JP,7-258803,A ] in the bending property, 
without making a report of the manufacture approach of performing solution treatment on the heat 
treatment conditions on which crystal grain does not exceed 20 micrometers about a titanium copper 
alloy, and reinforcement falling [ this conventional ingredient / especially ] can be manufactured, the 
titanium copper of high intensity is not obtained. Therefore, as a copper alloy which has the tensile 
strength of 1200 or more MPas, there were no copper alloys other than beryllium copper, and they were 
monopolistic commercial scenes. 

[0012] However, beryllium copper was not the optimal copper alloy, either and was not what a stress 
relaxation characteristic is inferior to titanium copper in, and can never be satisfied. Therefore, if the 
tensile strength of 1200 or more MPas which is high intensity further is obtained from old, since it can 
become the optimal high intensity copper alloy including a stress relaxation characteristic about the 
titanium copper alloy which does 2.0-3.5 mass % content of Ti, it waits for the improvement. 
[0013] 

[Problem(s) to be Solved by the Invention] In view of this point, it succeeds in this invention, and aims 
at offering the pole connector ingredient which raised reinforcement without reducing bending nature 
about a titanium copper alloy. Moreover, this invention aims to let 1200 or more MPas in which tensile 
strength matches beryllium copper, and conductivity offer the high intensity titanium copper alloy which 
has more than 10%IACS and its manufacture approach, the electronic parts which used this high 
intensity titanium copper alloy for the list, especially a fork mold connector. 
[0014] 

[Means for Solving the Problem] this invention person etc. found out obtaining stably the titanium 
copper alloy raw material which has the property which raised reinforcement without reducing bending 
nature by adjusting the last recrystallization annealing conditions (solution treatment conditions) of a 
titanium copper alloy, subsequent cold rolling conditions, and aging treatment conditions, and 
investigating correlation between each weighted solidity after the last heat treatment. 
[0015] In the titanium copper alloy with which this invention was made based on the above-mentioned 
knowledge, below 3.5 mass % is contained for Ti more than 2.0 mass %, and the remainder consists of 
copper and an unescapable impurity When 0.2% proof stress as which the diameter of average crystal 
grain is displayed by 20 micrometers or less and b performs a W-bending trial in the direction of a right 
angle to a rolling direction or more [ 800Ns //mm ] by two, the bend-radii ratio (bend radii/board 
thickness) which the crack displayed by a does not generate is characterized by being set to a<=0.05xb- 
40. 

[0016] The 2nd description of this invention contains below 3.5 mass % for Ti more than 2.0 mass %. 
Furthermore, contain one or more sorts of Zn, Cr, Zr, Fe, nickel, Sn, In, Mn, P, and Si below 3.0 mass % 
more than 0.01 mass % in a total amount, and it sets to the titanium copper alloy with which the 
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remainder consists of copper, and aaunescapable impurity. When 0.2% proof stress as which the 
diameter of average crystal grain is displayed by 20 micrometers or less and b performs a W-bending 
trial in the direction of a right angle to a rolling direction or more [ 800Ns //mm ] by two, the bend-radii 
ratio (bend radii/board thickness) which the crack displayed by a does not generate is set to a<=0.05xb- 
40. 

[0017] Hereafter, the antecedent basis of the above-mentioned numerical definition is explained with an 
operation of this invention. In addition, in the following explanation, "mass %" shall be meant"%." 
A. Although there is an operation which causes spinodal decomposition, generates the modulated 
structure of concentration in a base material, and secures thereby very high reinforcement when aging 
treatment of the Cu-Ti alloy is carried out to Ti Ti:2.0 to 3.5% At less than 2.0%, cannot expect a 
desired consolidation but it lifting-comes to be easy of the deposit of the grain community reaction type 
which makes Ti containing exceeding 3.5% on the other hand, and lowering on the strength is invited to 
reverse, or the content deteriorates workability. Therefore, Ti content was specified as 2.0 - 3.5%. 
[0018] B. Zn, Cr, Zr, Fe, nickel, Sn, In, Mn, P, Si : in the total amount, 0.01 to 3.0%, each of Cr, Zr, Fe, 
nickel, Sn, In, Mn, P, and Si does not reduce the conductivity of a Cu-Ti alloy greatly, controls the 
precipitation of grain boundary reaction type, makes the diameter of crystal grain detailed, and has the 
operation of raising reinforcement by aging deposit further. Moreover, Sn, In, Mn, P, and Si have the 
operation which raises the reinforcement of a Cu-Ti alloy by solid solution strengthening. Therefore, if it 
becomes the content to which one sort or the desired effectiveness according [ the content ] to said 
operation at less than 0.01% in a total amount although added by two or more sorts is not acquired, but 
these elements exceed 3.0% in a total amount on the other hand if needed, the conductivity of a Cu-Ti 
alloy and workability will be degraded remarkably. Therefore, the content of Zn, Cr, Zr, Fe, nickel, Sn, 
In, Mn, P, and Si by which one sort of independent addition or two or more sorts of compound addition 
are made was determined as 0.01% - 3.0% in the total amount. 

[0019] Here, among the above-mentioned alloying elements, since Zn can expect the operation which 
controls heat exfoliation of solder, without reducing the conductivity of a Cu-Ti alloy, it is added 
especially suitably, but if the effectiveness of a request of the content at less than 0.05% is not acquired 
and 2.0% is exceeded, conductivity and a stress relaxation characteristic will deteriorate. Therefore, as 
for the content of Zn, it is desirable that it is 0.05% - 2.0%. 

[0020] C. Bending nature is important in order to use complicated components processing, being given 
with the material strength especially in order to use the property titanium copper alloy of a titanium 
copper alloy as pole connector material. In case a components design is carried out, 0.2% proof stress 
which is the index of material strength, and the bending property evaluated by the situation of the 
bending section when performing bending with various bend radii to ingredient board thickness are 
taken into consideration. As a result of analyzing quantitatively the bending nature according to the 
reinforcement and board thickness which are required of electronic parts in recent years, this invention 
person etc. found out the fixed scale which made both balance, as shown below. 
[0021] That is, this invention can offer the titanium copper alloy which high intensity and bending 
nature can be made to be able to balance and can meet the demand in recent years when the bend-radii 
ratio (bend radii/board thickness) which the crack displayed by a does not generate is a<=0.05xb-40, 
when 0.2% proof stress displayed by b performs a W-bending trial in the direction of a right angle to a 
rolling direction or more [ 800Ns //mm ] by two. In addition, it is because the high intensity property as 
a titanium copper alloy is fully unutilizable in less than [ 800Ns //mm ] two having specified 0.2% proof 
stress of a titanium copper alloy or more [ 800Ns //mm ] as two. Moreover, it sets to this invention and 
measurement of the diameter of crystal grain is JIS. H The value calculated with the intercept method is 
used according to 0501. 

[0022] In order to raise the reinforcement of a titanium copper alloy, there is a consolidation by work 
hardening which made proper workability in front of that make proper solid solution strengthening by 
addition of an alloy element and aging treatment temperature, and they carry out precipitation 
strengthening and aging, and the desired material property was secured by combining these 
conventionally. However, when reinforcement was raised only by such consolidation device, bendability 
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deteriorated, and the case where the field of the material property considered as a request was not 
arrived at arose. So, when this invention person etc. carries out various trials, in order to have correlation 
of reinforcement and a bending property to a grain size number and to get the above relation between 
proof stress and a bend-radii ratio 0.2%, it found out that the diameter of average crystal grain needed to 
be 20 micrometers or less. 

[0023] In addition, in order to raise a bending property, without reducing the reinforcement of an 
ingredient, it is necessary to specify a grain size number strictly and to make proper whenever [ last 
recrystallization annealing conditions and cold- working ], and aging treatment temperature. Moreover, 
this invention is also the pole connector which used the above titanium copper alloys. 
[0024] Next, the manufacture approach of the titanium copper alloy of this invention is characterized by 
manufacturing the above-mentioned titanium copper alloy by performing the last recrystallization 
annealing at the temperature below the borderline L of alpha phase shown in drawing 1 , and an 
alpha+Cu 3Ti phase. 

[0025] In this invention, it has been to bases cold working following this and to specify [ the last 
recrystallization annealing conditions and ] the conditions of aging treatment further. The last 
recrystallization annealing conditions are performed in order to make easy processing which continues 
after that, and to adjust the property and grain size number of an ingredient to a list. 
[0026] In order to manufacture conventionally the titanium copper alloy with which a crystal grain size 
does not exceed 20 micrometers, the method of adjusting a crystal grain size is taken by setting 
processing temperature to the dissolution field of Ti, and making the processing time proper. However, 
when making it recrystallize by the solution treatment in an elevated-temperature short time, since the 
homogeneity of the diameter of crystal grain was inadequate, it was difficult [ it ] for dispersion in a 
property to produce the improvement in reinforcement while bending nature worsens, although it can 
plan, and to attain stabilization of high-intensity-izing of a titanium copper alloy with the diameter of 
crystal grain 20 micrometers or less. 

[0027] Then, the result to which this invention person etc. carried out the various trials about 
recrystallization annealing, The temperature below the alpha-(alpha+Cu 3Ti) borderline L which is the 
boundary of a dissolution-deposit to each presentation, Namely, if the diameter of average crystal grain 
performs time amount recrystallization annealing which does not exceed 20 micrometers not in the 
temperature field where all Ti to contain dissolves in Cu but in the temperature field in which a deposit 
takes place in part Bending nature is good and, moreover, found out that a titanium copper alloy with 
small dispersion in a property could be offered without reducing reinforcement. In addition, about 
temperature [ of the alpha-(alpha+Cu 3Ti) borderline L ] y (degree C), Ti concentration can be set to x 
(%) in simple, and it can approximate by y=50x+650. In addition, if crystal grain becomes detailed, 
bending nature will become good, but since the non-recrystallized section may remain and bending 
nature may deteriorate when the diameter of average crystal grain is set to less than 3 micrometers, the 
diameter of average crystal grain sets 20 micrometers or less to 3-20 micrometers preferably. 
[0028] Moreover, it is desirable to carry out the cooling rate after recrystallization annealing in 100 
degrees C/second or more. This is because spinodal decomposition is caused, an ingredient hardens and 
subsequent processing becomes difficult at the time of cooling, when a cooling rate is less than a second 
in 100 degrees C /. For this reason, it is desirable, in order that cooling the material-list side which came 
out of the heating furnace with water or air-water may secure the above-mentioned cooling rate and it 
may cool an ingredient to homogeneity. 

[0029] Furthermore, in order to acquire correlation of proof stress and the property of bending nature the 
0.2 above%, it is necessary to specify strictly whenever [ subsequent cold-working ], and the aging 
treatment conditions other than recrystallization annealing conditions. Aging treatment is performed, 
after almost all Ti dissolves and the ingredient by which recrystallization annealing was carried out is 
processed by cold rolling. As for the workability at the time of the cold rolling, it is desirable to consider 
as 5 - 70% or less. Although high reinforcement is obtained when this will make aging treatment 
conditions proper, if desired reinforcement is not obtained in less than 5% of workability since 
improvement in the reinforcement by work hardening is small, but workability exceeds 70% on the 
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other hand, it is because bending nature deteriorates and the correlation property of proof stress and the 
property of bending nature cannot be acquired the 0.2 above%. 

[0030] Moreover, as for aging treatment conditions, it is desirable that it is [ 300 degrees-C or more ] 
600 degrees C or less. Even if material strength of this does not improve, without fully performing aging 
treatment as aging treatment temperature is less than 300 degrees C but it performs aging treatment at 
the temperature of 600 degrees C or more on the other hand, there are many amounts of dissolution Ti 
(the amount of sludges is ), and it is because desired reinforcement is not obtained. Moreover, as for 
aging time amount, it is desirable that it is 15 or less hours for 1 hour or more. When this cannot expect 
the reinforcement by aging, and conductive improvement in less than 1 hour but it exceeds 15 hours on 
the other hand, it is for the lowering on the strength by remarkable overaging to take place. 
[0031] As mentioned above, this invention is a titanium copper alloy which is an age-hardening mold 
copper alloy, is the thing of high intensity excellent in bending nature, and is applied to the bending 
nature which was small and was excellent, and the pole connector with which high intensity is 
demanded. Moreover, even if plating processing is carried out after [ before processing it into contact of 
a pole connector ] processing, reinforcement and bending nature hardly deteriorate, but the effectiveness 
of this invention is demonstrated. 

[0032] Generally [ the above high intensity titanium copper ] press working of sheet metal is performed 
after aging treatment, this invention person etc. found out that bending nature improved further by 
limiting the range of a grain size number rather than the above while performing aging treatment after 
press working of sheet metal. Namely, the 3rd description of this invention contains Ti below 3.5 mass 
% more than 2.0 mass %, and it sets to the titanium copper alloy with which the remainder consists of 
copper and an unescapable impurity. After press working of sheet metal, aging treatment is a line crack 
and a grain size number is 5-15 micrometers. And when bend radii perform a W-bending trial in the 
direction of a right angle to a rolling direction by 0 before aging treatment, a crack does not occur, but it 
has the processing organization where 300 or more Hvs of hardness become 310 or more Hvs preferably 
after the above-mentioned aging treatment. 

[0033] Moreover, the 4th description of this invention contains Ti below 3.5 mass % more than 2.0 mass 
%. Furthermore, contain one or more sorts of Zn, Cr, Zr, Fe, nickel, Sn, In, Mn, P, and Si below 3.0 
mass % more than 0.01 mass % in a total amount, and it sets to the titanium copper alloy with which the 
remainder consists of copper and an unescapable impurity. After press working of sheet metal, aging 
treatment is a line crack and a grain size number is 5-15 micrometers. And when bend radii perform a 
W-bending trial in the direction of a right angle to a rolling direction by 0 before aging treatment, a 
crack does not occur, but it has the processing organization where 300 or more Hvs of hardness become 
310 or more Hvs preferably after the above-mentioned aging treatment. 

[0034] The above high intensity titanium copper alloys can be manufactured by performing the last 
recrystallization annealing at the temperature below the borderline of alpha phase and an alpha+Cu 3Ti 
phase, and performing the last cold rolling of 5 - 50% of workability after adjusting a grain size number 
to 5-15 micrometers. Moreover, aging treatment conditions can be made into the same conditions as the 
1st and 2nd description of the above, and such a manufacture approach is also the description of this 
invention. Furthermore, it is applied to the bending nature which whose 3rd and 4th descriptions were 
also small, and was excellent, and the pole connector with which high intensity is demanded, and such a 
terminal and a connector are also the descriptions of this invention. 

[0035] Next, this invention persons found out that it was possible to obtain stably the high intensity 
titanium copper alloy which has the tensile strength of 1200 or more MPas by examining the production 
process of a titanium copper alloy and adjusting hot rolling conditions, subsequent cold rolling 
conditions, and the aging treatment conditions following it. 

[0036] That is, the 5th description of this invention 2.0-3.5 mass % Is a high intensity titanium copper 
alloy which contains and consists of remainder copper and an unescapable impurity about Ti, tensile 
strength is 1200 or more MPas, and conductivity is a thing more than 10%IACS. 

[0037] Moreover, the 6th description of this invention 2.0-3.5 mass % Is a high intensity titanium copper 
alloy which contains, contains one or more sorts of Cr, Zr, Fe, nickel, Sn, In, Mn, P, and Si under 3.0 
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mass % more than 0.01 mass % in a total amount under 2.0 mass % more than Zn0.05 mass % further, 
and consists of remainder copper and aja unescapable impurity about Ti, tensile strength is 1200 or more 
MPas, and conductivity is a thing more than 10%IACS. 

[0038] After hot-rolling the above-mentioned high intensity titanium copper alloy at the temperature of 
600 degrees C or more, it can be manufactured by cold-rolling at 95% or more of workability 
continuously, holding the condition of the texture of cold rolling succeedingly, and carrying out aging 
treatment at the temperature of less than 15 hours for 1 hour or more by 340 degrees C or more less than 
480 degrees C. 

[0039] Moreover, this invention is also a fork mold connector using the high intensity titanium copper 
alloy which has the 5th and 6th description of the above. 

[0040] In the 5th and 6th description, the reason for definition of a component is the same as the 1st and 
2nd description of the above. The reason for definition of the weighted solidity in the 5th and 6th 
description is as follows. 

** Tensile strength : unlike the general-purpose connector with which the fork mold connector for FPC 
contacts in respect of a metallic material, a substrate is the structure of making it contacting in the 
fracture surface of a copper alloy plate, and bending is not performed. Therefore, it is required in the 
first place that reinforcement should be high. In this invention, tensile strength was used as a strong 
index. The tensile strength obtained with general-purpose copper alloys, such as brass, phosphor bronze, 
and nickel silver, is not enough as the tensile strength demanded as a fork mold connector, and in order 
to enable a response in designs various as an object for fork mold connectors, the tensile strength of 
1200 or more MPas is required for it at it. 

[0041] ** Conductivity : as a metallic material for the fork mold connectors for FPC, although it is 
required in the first place that reinforcement should be high, since a fork mold connector is the structure 
of contacting in the fracture surface of a metallic material, compared with other connectors, contact 
resistance is large [ a connector ]. Although the contact section is used for it as a response, plating with 
gold, a certain amount of conductivity also as a metallic material is required. Although stainless steel 
also has the ingredient of high intensity, conductivity is low and it is hard to radiate the heat generated in 
the contact section. Also at the lowest, the conductivity of 10%IACS is required. 
[0042] The high intensity titanium copper alloy which has the 5th and 6th description can be 
manufactured as follows. After performing cold rolling and heat treatment suitably after hot rolling 
conventionally as a production process which raises the reinforcement of a titanium copper alloy, there 
is the approach of performing heat treatment (solution treatment), and adjusting crystal grain to 20 
micrometers or less, and making proper the workability and aging treatment temperature of the last cold 
rolling, and the ingredient which whose tensile strength is lOOOMPa extent, and was excellent in 
bendability with this can be manufactured (JP,7-258803,A). However, in consideration of 
manufacturability, as for manufacturing the high intensity titanium copper of 1200 or more MPas, the 
amount of Ti is not yet attained for tensile strength by this manufacture approach in the range of 2.0 - 
3.5 mass %. Moreover, as for the tensile strength of 1200 or more MPas, the amount of Ti is not 
obtained in the range of 2.0 - 3.5 mass % about the above-mentioned MTH treatment. 
[0043] In the manufacture approach of this invention, it has been to bases to specify "the material 
temperature in hot rolling", "the workability of cold rolling before aging treatment", and "aging 
treatment conditions." 

** Hot rolling : when hot rolling homogenizes cast structure and rolls it out at an elevated temperature 
further, dynamic recrystallization is made to start, subsequent processing is made easy, but if material 
temperature becomes 600 degrees C or less at the time of hot rolling, in order that a titanium copper 
alloy may cause spinodal decomposition and may harden it rapidly, dispersion in a property will 
produce it while cold working after it becomes difficult. Therefore, we decided to hold the material 
temperature at the time of hot rolling at 600 degrees C or more, and to perform it. Moreover, if it does 
not quench, since an ingredient hardens and subsequent strip processing becomes difficult, as for 
cooling after hot rolling, it is desirable to carry out the cooling rate of an ingredient in 200 degrees 
C/second or more with water cooling etc. 
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[0044] ** Cold rolling : conyentionally, after performing cold rolling and annealing suitably and making 
a titanium copper alloy into predetermined board thickness with cold rolling after hot rolling, heat 
treatment (solution treatment) of an elevated-temperature short time was further performed before aging 
treatment. That is, although carried out for accumulating, in order [ for which heat treatment adjusting a 
material property and subsequent processing are made easy ] to heat-treat from hot rolling termination 
before aging treatment, moderate workability of cold rolling cannot be set up, but reinforcement falls 
and becomes difficult [ it / to obtain desired high intensity ]. 

[0045] However, 95% or more of strong processing is attained also with subsequent cold rolling by 
specifying the processing conditions of said hot rolling strictly. Here, reinforcement rises as workability 
generally becomes high, but in order to obtain the tensile strength of 1200 or more MPas in subsequent 
aging treatment, workability of cold working was made into 95% or more by specifying workability 
strictly and making it 95% or more of workability, because it became possible to obtain the tensile 
strength of 1200 or more MPas. 

[0046] ** Aging treatment : further, while the ingredient which finished cold rolling raises 
reinforcement more, in order to improve properties, such as elongation, spring nature, and conductivity, 
aging treatment is performed. Having made the aging treatment conditions at this time into 340 degrees 
C or more less than 480 degrees C Since the cold rolling workability before aging treatment is 95% or 
more and strong processing as it is for reinforcement and conductivity not to improve without fully 
performing aging treatment as aging treatment temperature is less than 340 degrees C and is 480 degrees 
C or more Short-time aging treatment also changed into the overaging condition, and since 
reinforcement fell and a desired property was not acquired, it considered as 340-degree-C or more less 
than 480-degree C temperature requirement. 

[0047] Moreover, having made aging treatment time amount into less than 15 hours for 1 hour or more 
could not expect the reinforcement by aging, and conductive improvement, but since lowering on the 
strength according that it is 15 hours or more to remarkable overaging took place, it could be less than 
15 hours for 1 hour or more in less than 1 hour. 

[0048] Generally [ the above high intensity titanium copper ] press working of sheet metal is performed 
after aging treatment, this invention person etc. found out that the dimensional change after aging 
treatment could be reduced substantially by performing aging treatment after press working of sheet 
metal. That is, Ti is contained below 3.5 mass % more than 2.0 mass %, aging treatment is performed 
after press working of sheet metal in the titanium copper alloy with which the remainder consists of 
copper and an unescapable impurity, and the 7th description of this invention has the processing 
organization where hardness becomes 345 or more Hvs after the above-mentioned aging treatment. 
[0049] 2.0-3.5 mass % The 8th description of this invention contains Ti. More than Zn0.05 mass % 
further Moreover, under 2.0 mass % In the titanium copper alloy which contains one or more sorts of Cr, 
Zr, Fe, nickel, Sn, In, Mn, P, and Si under 3.0 mass % more than 0.01 mass % in a total amount, and 
consists of remainder copper and an unescapable impurity Aging treatment has the processing 
organization where hardness becomes 345 or more Hvs after a line crack and the above-mentioned aging 
treatment after press working of sheet metal. 

[0050] After hot-rolling the high intensity titanium copper which has the 7th and 8th description of the 
above at the temperature of 600 degrees C or more, it can cold-roll and manufacture at 95% or more of 
workability continuously, and such a manufacture approach is also the description of this invention. 
Moreover, especially the high intensity titanium copper that has the 7th and 8th description is suitable 
for a fork mold connector, and such a fork mold connector is also the description of this invention. 
[0051] 

[Example] The 1st example which shows the desirable alloy presentation range especially explains [1st 
example] this invention still more concretely. First, electrolytic copper or oxygen free copper was used 
as the raw material, and the copper alloy ingot (50mmtxl00mmwx200mml) of the various presentations 
shown in a table 1 (example) and a table 2 (example of a comparison) with a RF fusion furnace was 
ingoted. Next, hot rolling after 1-hour heating was performed for each [ these ] ingot at the temperature 
of 850-950 degrees C, and the plate of 8mm thickness was obtained. In addition, material temperature 
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after the hot rolling in that cgtse wa$ made into 650 degrees C or more, and after hot rolling carried out 
water cooling of the ingredient Vi Subsequently, after having ground the oxidizing zone of the front face of 
a plate, repeating rolling and recrystallization annealing after clearance, performing acid washing 
suitably and performing recrystallization annealing (solution treatment) on condition that tables 1 and 2, 
cold rolling and aging treatment were performed and the ingredient of 0.2mm thickness was obtained. In 
addition, cooling after recrystallization annealing was performed by supplying to the underwater one 
after heat treatment. It checked that the cooling rate at this time was 200 degrees C/second or more by 
attaching a thermocouple in a material-list side. Moreover, into a table, the value calculated by the 
simple formula (y=50x+650) which mentioned above the temperature of alpha-(alpha+Cu 3Ti) 
borderline is written in addition. As shown in a table 1, in this invention, it is below alpha-(alpha+Cu 
3Ti) borderline, and the temperature of less than 50 degrees C performed recrystallization annealing. 
[0052] 
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0053] 
A table 21 
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[0054] By processing a up Norikazu ream, various kinds of test pieces were extracted from the obtained 
ingredient, and the characteristic test was performed. First, proof stress, tensile strength, and elongation 
were measured according to JISZ2201 and Z2241 0.2% by performing a tension test as a scale which 
evaluates spring nature and reinforcement. Next, about bending nature, the test piece of the dimension of 
lOmmwxlOOmml is extracted at a rolling direction and a right angle. A W-bending trial (JIS H 31 10) is 
performed with various bend radii, and they are the Japan Brass Makers Association technical standards 
JBTA. The good bending section appearance more than Rank C is acquired by the valuation basis by 
T307: 1999. The bending section was observed with the optical microscope and it asked for the 
minimum bend-radii ratio (r/t:r; bend radii, t; test piece thickness (board thickness)) which a crack does 
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not generate, this valuation basis -- rank A: - it is divided into five ranks, wrinkling nothing, rank 
Biwrinkling smallness, rank C: winkling size, rank Dxrack smallness, and rank Eicrack size, and when 
a bending test is performed by the bigger bend-radii ratio than the bend-radii ratio from which the result 
of C rank was obtained, an EQC or the appearance of better A-C is acquired. In addition, a bending 
property is inferior in the bending shaft of a W-bending trial. The rolling direction and the parallel 
direction (Bad Way) estimated. Moreover, bend radii were made into the distance to the inner skin of a 
flexural-center blank test piece, and were evaluated using the fixture which has various bend radii. 
[0055] The result of the above-mentioned characteristic test is shown in tables 3 (example) and 4 
(example of a comparison). In example No. 1-24 of this invention, the bend-radii ratio (bend radii/board 
thickness) which the crack displayed as 0.2% proof stress displayed by b by a does not generate was 
able to be set to a<=0.05xb-40, and the titanium copper alloy (assessment: good) which meets the 
demand in recent years with which high intensity and bending nature balanced was able to be obtained. 
On the other hand, since example No.of comparison25-39 were not satisfying the requirements for this 
invention so that it may explain below, problems, like bending nature is bad generated them to proof 
stress 0.2%. 

[0056] No. - in 25 and 26, since Ti content is low, proof stress is not acquired for the high intensity of 
two or more [ 800Ns //mm ] 0.2%. No. — reinforcement is lower than the alloy of the example of this 
invention, and a bend-radii ratio also has greatly bad bending nature at 27 and 28. Since the deposit to 
the grain boundary which does not contribute to the improvement in on the strength since there are too 
many Ti contents occurred mostly, in case it is a tension test and a bending test, since the crack occurred 
with the sludge as the starting point to a grain boundary, this is considered. 

[0057] The example which has too many amounts of Zn, and No.30 are examples which have too many 
total amounts of the added accessory constituent, each of these has low conductivity and bending nature 
is also bad at No.29. No. - although 31 and 32 were examples which are too high, the diameter of 
average crystal grain 20 micrometers or less was not obtained, and proof stress was not acquired 0.2 
high%. Moreover, as compared with the example of an alloy of 0.2% proof stress of this level in the 
example of this invention, a bend-radii ratio is large, and bending nature is bad. In addition, No.31 were 
duplex grain structure. Therefore, although the diameter of average crystal grain of No.31 was smaller 
than 25 micrometers and No.32, the bend-radii ratio varied in 3.0-5.0. In addition, the maximum was 
indicated to a table 4. 

[0058] No. - bending nature is bad although proof stress was acquired 0.2 high% by shortening aging 
treatment time amount compared with other examples although 33 and 34 are examples which are too 
high. Although No.35 are an example with low aging treatment temperature, since temperature is low, 
aging treatment is inadequate and reinforcement is low. Aging treatment time amount is a too long 
example, No.36 changed into the overaging condition, and proof stress declined 0.2%. 
[0059] Although aging treatment temperature is the example which is too short, since No.37 had too 
high aging treatment temperature, there were many amounts of dissolution of Ti, and moreover, since 
aging treatment temperature was short, proof stress was not acquired 0.2 sufficient%. Aging treatment 
time amount is a short example, and since aging is inadequate, No. 38 have low 0.2% proof stress. No. 39 
are an example with low aging treatment temperature, and proof stress is not acquired 0.2 high% by the 
long aging treatment time amount of 50 hours. 

[0060] As mentioned above, in a proper presentation, by performing recrystallization annealing (solution 
treatment) at the temperature below alpha-(alpha+Cu 3Ti) borderline, and performing subsequent cold 
rolling and aging treatment on proper conditions, the good relation between proof stress and a bend-radii 
ratio is obtained 0.2%, bending nature is not spoiled but the titanium copper alloy of high intensity is 
obtained in the example of an alloy of this invention. On the other hand, compared with the alloy of this 
invention, the good relation between proof stress and a bend-radii ratio was not obtained 0.2%, but, as 
for the alloy of the example of a comparison, the good ingredient of balance was obtained by neither. 
[0061] 
[A table 3] 
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[0063] Press working of sheet metal of what performed the process to cold rolling on the same 
conditions as No.2 of the 1st example and No. 10 was carried out except having performed the [2nd 
example] last recrystallization annealing on the conditions shown in a table 5. Aging treatment was 
performed after performing a W-bending trial on the same conditions as an example 1 to this test piece 
that carried out press working of sheet metal. To No.2, 380 degrees C performed aging treatment to 
No. 10 for 6 hours for 6 hours at 400 degrees C. The various properties of a test piece were investigated 
by the same approach as the 1st example in the back before performing aging treatment, and the result 
was written together to a table 5. Like [ it is ****** from a table 5 and ], when the diameter of average 
crystal grain was 5-15 micrometers, a bend-radii ratio (r/t) is zero and it was checked that the extremely 
excellent bending nature is shown. Moreover, the hardness after aging treatment was 310 or more Hvs, 
and the tensile strength of those test pieces was also 1000 or more MPas. 
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[0065] The regulus or hardener of the [3rd example] electrolytic copper or oxygen free copper, and an 
alloying element was used as the raw material, and the copper alloy ingot of the various presentations 
shown in a table 6 (example) and a table 7 (example of a comparison) with a RF fusion furnace was 
ingoted. Next, the dead head section of these ingots (configuration: 50mmtxl00mmwxl50mml; weight 
of about 7000g) was cut, after removing a surface, and after heating at 850 degrees C for 1 hour or more, 
material temperature was held at 600 degrees C or more, and water cooling was hot-rolled and carried 
out to 8mm in thickness. In addition, the material temperature at the time of hot rolling was measured by 
2 color type pyrometer by which temperature compensation was carried out beforehand. Then, after 
removing the rolling oil which cold-worked to the predetermined board thickness of less than (95% or 
more of workability) 0.4mm of board thickness, and adhered to the material-list side by organic 
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solvents, such as an acetone, after removing by carrying out about 0.4mm thickness mechanical 
polishing of the surface scale of one side, aging treatment was performed on condition that 
predetermined using the vacuum-annealing furnace, and the test specimen was produced. 
[0066] 
[A table 6] 

HBftft 
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iU£ (mas sKJ 




T 1 






(*> 
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2. 3 
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3 8 0 
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2. 6 




7 00 


8. 0 
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6 
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2. 9 
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8. 6 
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7 00 
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[0067] 
[A table 7] 
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[0068] And from the plate obtained according to the above-mentioned production process, various kinds 
of test pieces were extracted and material testing was presented, first - as the scale which evaluates 
reinforcement - JIS Z 2241 a tension test - carrying out - 0.2% proof stress and tensile strength - 
and it was extended and ** was evaluated. In addition, a test piece is JIS. Z 13 No. B test piece was used 
by 2201. Conductivity is JIS. H It measured according to 0505. A measurement result is shown in tables 
8 and 9. 
[0069] 
[A table 8] 
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[0070] 
[A table 9] 
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| 3 3 
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1 3. 1 
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3 7 


125 0 
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1 


8. 0 
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3 8 
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113 0 


1 


5. 8 


*A 


3 9 
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112 0 


1 


6. 0 


*A I 


40 | 
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116 0 


2 


5. 8 


*A 



[0071] Each example of this invention of a table 8 has the tensile strength of 1200 or more MPas 
demanded as a fork mold connector, and No.4-6, and 8, 15 and 20 have the tensile strength of 1300 or 
more MPas. However, in the example of a comparison of a table 9, it is in the middle of cold rolling 
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between heat, and the crack occurred, No.26, and 27, 30 and 31 had bad manufacturability, and 
assessment of a property of them was not completed, namely, No. — subsequent processing was not 
performed, although the crack generated No.26 with hot rolling and it hot-rolled to the thickness which 
is 35mm, since 26 and 27 had too many amounts of Ti. Although No.27 did not have generating of a 
crack at the time of hot rolling, the lug crack occurred with subsequent cold rolling, moreover, No. — the 
temperature at the time of hot rolling was low, and turned into temperature of 600 degrees C or less in 
the phase of 25mm and 15mm thickness, respectively, and the lug crack generated 30 and 31 with the 
cold rolling after hot rolling. 

[0072] Since No.24 have few amounts of Ti, its reinforcement is low. No.25 have few amounts of Ti 
similarly, it is the example of a Cu-Cr-Zr system copper alloy, and reinforcement is low although 
conductivity is high. No. -- since 28 and 29 had many contents, such as Zn, conductivity was low and 
lug crack ****** of No.29 was carried out during cold rolling. 

[0073] No. - since 32 and 33 have that too low of the workability of cold rolling, its reinforcement is 
low. No. — since 34 and 38 have low aging temperature, even if they establish 50 hours and long aging 
time amount in No.38, they do not reach desired conductivity. Since No.37 have short aging time 
amount, they do not reach desired conductivity. No. — since 35 and 36 are examples with long aging 
time amount with high or aging temperature and the workability of cold rolling before aging treatment is 
high, it will be in an overaging condition and high reinforcement will not be obtained. 
[0074] No. — 39 and 40 - this invention No. — with cold rolling of high workability, although it is the 
example from which being a production process with the same cold rolling, and not performing aging 
treatment with the alloy of 3 and 4 only differs, although obtained, the reinforcement of 1200 or more 
MPas has low conductivity, and it cannot use it as a fork mold connector. 

[0075] As mentioned above, the titanium copper of this invention is a titanium copper alloy which has 
the tensile strength of 1200 or more MPas which is obtained only by the manufacture approach of this 
invention and is not in the former, and the conductivity more than 10%IACS. Moreover, the fork mold 
connector using the high intensity titanium copper of this invention has the contact pressure which 
matches when beryllium copper is used. 

[0076] Press working of sheet metal of the thing of a publication was selected and carried out to a table 
10 from what performed the process to cold rolling of the table 6 of the 3rd example of [the 4th 
example]. Aging treatment was performed on the same conditions as the 3rd example to this test piece 
that carried out press working of sheet metal. The various properties of a test piece were investigated by 
the same approach as the 3rd example in the back before performing aging treatment, and the result was 
written together to a table 10. Moreover, the heat degree of shrinkage of the test piece after aging 
treatment was measured, and the result was written together to a table 10. In addition, after the heat 
degree of shrinkage started the 100x1 0mm sample by making a rolling parallel direction into a 
longitudinal direction, it measured the distance between marking of a predetermined location using the 
three-dimension coordinate measuring device, measured the distance between marking again after aging 
treatment, and measured the rate of change of a dimension from the measured value of the dimension 
before and behind heating. Moreover, for the comparison, the test piece was created on the same 
conditions as the above using the thing and beryllium copper which are shown in a table 7, and various 
properties were measured by the same approach as the above. The result was written together to a table 
10. 

[0077] 

[A table 10] 
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[0078] As shown in a table 10, No. 1-10 which are the 4th example have high conductivity while the 
reinforcement after aging treatment is equal to beryllium copper (No. 16). On the other hand, since the 
content of titanium is under 2.0 mass %, No.l 1 have low tensile strength. Moreover, as for No. 16, the 
heat degree of shrinkage became extremely large. 
[0079] 

[Effect of the Invention] As explained above, high intensity-ization of a titanium copper alloy can be 
attained without spoiling bending nature according to this invention, and the demanded property 
improvement can be aimed at as an object for pole connectors for electronic parts, and it becomes 
possible to supply the reliable raw material for pole connectors. Moreover, the example of this invention 
could attain high intensity-ization in which tensile strength matches it equal to 1200 or more MPas, and 
conductivity matches more than 10%IACS and beryllium copper about a titanium copper alloy, and has 
been improved by the copper alloy suitable for the connector of the object for pole connectors for 
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electronic parts, especially the forkjnold of FPC, and possibility that it could respond enough as an 
alternative copper alloy of a beiy Ilium jcopper alloy was found out. Moreover, even if plating processing 
is carried out after [ before processing it into contact of a pole connector ] processing, reinforcement 
hardly deteriorates, but the effectiveness of this invention is demonstrated. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/28/2005 



<i©h*h«wot (jp) • 02).^ fffl 4# ifr & Wi < A) (.nmmammm 

#^2002-356726 
(P2002 -35^726A) 
(43)&iB B ¥J«14*pl2Ji 13 B (2002. 12. 13) 



(51)Inta. 7 

C 2 2 C 9/00 

C 2 2 F 1/08 

H0 1L 23/48 

// C 2 2 C 9/02 



FI 

C22C 
C22F 



9/00 
1/08 



H 0 1 L 23/48 
C 2 2 C 9/02 
»*«©»19 



B 

Q 
v 

OL (£16 H) £&ICIoR< 



(21)iilH## 


WB2002-31219( P2002-31219) 


(71)tUKA 


397027134 








B«fcfcJR#5£&it 


(22)ffiiBB 


¥j£l4*p2/3 7 B (2002.2.7) 




%mm&mm-Tmm 1 # 








m* am 


(31)«jfc*fcfc36#^ 


*5H2001 -43278 (P2001 -43278) 




^«JRBSr*e«lir-TIlS2# Btt 


(32)fi£B 


¥Jffil3*p 2 ^208(2001.2.20) 






(33)tf£tt£SB 


B* (JP) 




** «fla 


(31)«ft«t±3S## 


!ftH2001 -94522 (P2001-94522) 






(32)«£B 


¥J^13¥ 3 ^298(2001.3.29) 






(33)tffti§£lg|l| 


B* (JP) 


(74)«sia 


100096884 



















(57) 

Ti£2. 0li%a±3. 5«*%E* 
t?*^S*l*0. 2%»^^8 0 0 N/mm 2 ^±-CJE 
ff) t>K a^O. 05Xb-40^Wo 
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[§&#bi] Ti£2. owk%£x±3. 5Rs%a 

"C*»S*l*0. 2%Wfi&8 0 0 N/mm 2 a±-CJE 

W J&\ a^O. 0 5Xb-4O£fc£iS3£S^*V48 

[W*^2l Ti£2. 0Ri;%£Jt±3. 5R*%» 
TSr^U SiCZn, Cr, Zr, Fe, Ni, S 
n, In.Mn, P&tfS i <D 1 »^±$ri^i:"CO . 0 

2 0 m mfiJLT, d»ob"C*^SJx5 0. 2%B*# 
8 0 ON/mm 2 W«Ml:»lIW^CWll 

^SJt (ft a^O. 05Xb-4 

3 ] ¥tttt*tt&tf 3-20m nTCfc 5 - t 
Sr«MS fc-f 1 *fc»2 fcEftoMB*? 1 * ^ 

tt»#*4] *»B8i*««ro*io + Cu 3 T i 
- 3 w^a^E*©****"* ^fl^&oKig^ 

i, J5«d 3 o o x:&>± 6oo ^Totaa-c 1 v$msx± 

[ffrfrfi8] Ti£r2. 0fi%^±3. 5Sfi%J^ 

^&K*5V^\ ^u^apx*fc««ft«!«#ffbix, ISA 

[Ht&9t9] Ti£2. 0Kfi%«±3. 5RS%J^ 

IlCZn, Cr, Zr. Fe, Ni, Sn, 
In, Mn, PMSi©lBa±Sr*iT?0. Oil 

*%«±3. o»t%HT4tu, am^M&tPF^rs 



iftfcWflJfWkSrfTofcRlcMtt^SI^-fr-f, -bEi$$ 
^»«*^3 0 0HvK±fctt5JDX»»SrW-rS 

0] *H»fftt*j|J6ttS:o«fcoH-Cu 3 T 
ml:», J!lDX«5~5 0%O*J|»»IBIESESrfl5^ 

k *&®k-rzm*m s^it\t9 me*©*!**** > 

[|ft#Kl 1] ?»*3S8*fctt9|cf5«Oii554l«f-^ 

W*ai2] Ti&2. 0-3. 5R*%**, & 
MUtPFTOttTMM'btttK 9I«B3#1 2 0 0 
MPafiLL, iWiO%IACS^±-C$>5ri:$: 

[tt*0U3] Ti$:2. 0-3. 5**%**, 5E 
iCZnO. 0 5jfJI%a±2. 0fl%*«, Cr, Z 
r« Fe« Ni« Sn\ In.Mn, P&tfS i£>lS 
K± Sr&fi-C 0.01 W4%£AJb 3 . 0 

2 0 0MPa«±, ^tm^^l 0% I ACS^l-efcS 

i4] 600 °csx_k<Dm.&vi&fflmm Lit 

•Kv^-caxflE9 5%H±-C»|HIEJBU 

t**n* i WfMEU: 1 5 RpM*«<©M«"e^aife3i-t-5 

l 5 ] H*« I2*fctti3 ^EftoBsaft 

[»*«16l Ti^2. 0ft%^±3. 5«fi% 

7] Ti&2. 0-3. 5 3E 
CZnO. 0 5K*%K±2. 0®fl:%*SS, Cr, z 
r,Fe>Ni, Sn, In, Mn, P^T^S i <D 1 S 
£Jl±^)fefi:T 0.01 KS%^± 3 . 0 

*5v>r, ^u^»x«tei»ai«i#tTtoix, ±B*J»tt 
a«tas#3 4 sHvHifcftaiaxiMl*:*^*^ 

[ft «9 18] 6 0 0 ^gAi^MST^raffi® Lfc 

a, ^v>r^jpxg 9 5 %sx±.v#ifflmMi-z> r i $r^m 
fc-f «M«si e^^tti 7fcE«©*aj*^^v«^ 

1 9 ] fS*^ 1 6 1 7 l£Ett<0ffitt£ 



-2- 



[000 1] 

5 AJRtt-»lc# LTi!5&gtf>H# * hS 7 * - ^ 
[0 0 0 2] 

[&*tf>f£ffi] C 1 9 9 0^^)^^^Sr^tf«^ (£* 
[0 0 0 3] S&K, ^mB, m*/***?. ¥lr 

£)ft/<5o 

[0 0 0 4] n 5 Lfctt»fc*5V*-C, ^^^ffl^Oft 
»f»X^tfrt?y3«»*S:ft»r*fc»lJ:, *£f B »a£ 
2 0 /im^i^4v«l^«M4:tT 
^jfetJlB8-rS«^ («*tf#H¥7-2 5880 3-8^ 

i^1*Lt>«J£^#SftJfftXtt**L"CV^i:ttv^4 

Kzitmaz. 3»*tftr«ipxtto*n«r*»-r5rt 

[0 0 0 5] ft* J; 9, «?«AJIlM&*4>3igi 

3$£ri*5 0 0-8 0 0MP a Of g& ft 

**ix*«r^W[, Cu-Ni-Sil, Cu-Cr-Z 
r3R, Cu-Cr-SnX0M^tfttfflSiir«S9« 



3=fc9 0 0MP aa*K±OK»aE^B*Six5»'&^ 

[0006] r o Ltc*px\ *i£TttF p c (y 

^/uzfv^h&mm) <Dfsm*m^ fpc^^ 

FPCfl<&3***-u:ttffl£ft, &wms>B-c«aa 

[0 0 0 7] ftfWSIC^d—^ffla^^^-tLttt, 

mt&Xh 1 0 0 0MP a«±^5l3g3SS^St?*)0, 
&W£®%t\CM!fc-?Z ZtzlbiaZl 2 0 0MPa£U:tf> 

[0 0 0 8] ^r^u^fllttJSSftftoto, «£tfsu 
S30 1-Cttl 2 0 0MPa*jB*.5§U8»SSr*i-5 
^U^U^nmW2. 4%IACSg 

V\, ffini0%I 
ACS 5o 
[0 0 0 9] 1 20 0MPaK±©§IS83ftSSr*i-*« 

&t LTtt, ^Vfl4>^T*fc«#« 1 2 0 0MPa 

*, MtCMTH (^MX^fi^S) *04»Rft*yifr 

iNRtm, p78 (s*&m¥£) «) o 

[0 0 10] La>Lfc#6, 4M%Timt5f 

[00 11]-*, 3fi%T i «r£#f S^^tt 
(C 1 9 9 0) tttt*<0*lfiife-ett*Vvffvx 1 0 0 0M 
Pa8«0§|Jg»SLd4»6nftV\ *fc % ®m¥7 

- 2 5 8 8 o 3 xk, >m&&\ci^xm&m& 2 

\s\ Lltfr^X, 1 2 0 0MP aei±0§l3I^$$r^i- 

[0 0 12] L*>L4#b. ^9 y 
JE^tat<o-Cttttd>ofc 0 tot, Ti^r2. 0- 
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3. 5K&%Girrz>7f>m&&\ci\ t *x. vm*9 
Sic^&g-efcs i 2 o 0MPa«±<&gi«3HSa*»6 

[0 0 13] 

frx&ztifthoxhv, 3-?^m&&\z.o^xmfm 

ft, 3U»**^<5y»>A«|KE*-r51 20 0MPa 
EJt-b, »m**io%lACSK±*r*i-«iaS3l«^ 

9et6Z.b*BthkLX^&. 
[0 0 14] 

^wm 

iR^ft ^#«H£ttinottn«rniE-r d - 1 1 <t o , * 

[0 0 15] *JB«tt±B»*IC*<5V^-CftSixfcf>© 
"C, Ti£2. 0«*%EJLL3. 5«*%«T«r&# 

**Vvt* ¥ttMttfttf 2 0m mJ£AT, **ob 
*X*0. 2%^^8 0 0N/mm 2 ^±-CJE®^fpJiC 
J*L*A*lRlli:W*rf»»fttfofclB, aT?*^SiLS 

£0. 0 5Xb-4 0tftSriSr«p«[i:L-CV^ o 
10 0 1 61 *»W©»20»«Wl, T i *2. OR* 
%BLt3. 5K4%£JLTSr**TL, JEfcZn, Cr, Z 
r, Fe, N i, Sn, In, Mn, P&T/S i<DlM 
£U:**Mfreo. 0 1fi%K±3. 0K*%£itT£# 

*3V>-C, T^ttAttft^ 2 0 it m£HT, Jl^b-e*** 
ttSO. 2%iW8 0 ON/mm 2 ^±-CJE®*(R]^ 

£0. 0 5Xb-4 Ofc46fcOtJb5 Q 
[0 0 17] £JtT> ±Bft*»«0**Sr**W«)f^ffl 

fcfcfcjcKW-rs. 4*5, ktoKHKuSi^-c r%j ri 

A. T i : 2. 0 — 3. 5% 

T i \cftCu-T i&&t>mMmL1tmcxXS—y 

^tw>2. o%*»i"Ctt0fao»{b3»JB«r'C&i', - 

*£flsLfc91-5 0 <toT, Ti*#»*2. 0-3. 



[0 0 18] B. Zn, C r , Zr, Fe, N i, S 
n, I n, Mn, P, S i : 3ttftt?0. 01-3. 0% 
C r, Z r , Fe, Ni, Sn, In>Mn, PRXfS 

if*, v^f*ttCu-TI*A©llimtttr*t<«T* 
frm#R«l!«fHJSr«i«JL, tt«tQEft«rtft«lCL, S 
<b fc««WrWfc J: 5 &a&±#$-£5 ft ^cof^ffl L 
Tl*5. *fc, Sn, In,Mn, PStfSittBiSBl 
ftK <fc 9 Cu-Ti *4«>8ME*rti±S*8ffflt#L 

4fc»:2aa±jssipsns^, *©*#**i»*-eo. 

0 i%*^T«fifrlB^ffllcJ:eMa^a*d5#P>n*f, 

1 s«>int«utv'tt 2«a±©*^aao3654 z 

n, Cr, Z r, Fe, N i, Sn, In, Mn, P& 

t;siottiit ^i*eo. oi%— 3. o%i£a& 
[0019] ±Easan5c*<o5t>zntt. cu 

i^oW«tt*fiTSW^fflo«l«|««r»IH 

*o**T*# 0.05 %*W-CttBfa©»*^»6ix 
T, *fc2. 0%S:jBA5fcW«ttftVj6^a3ft»tt3P 
SUft+a. J: of, ZnOttifiO. 0 5%-2. 0 

[0 0 2 0] C. 

fcfctt, ^^»M^<h*(cS*l4SCp 0 pttX^ 

SftT«fflSixafc«)fc«rfaqxtt*a»-efc5 0 «Cp d « 

ttnmmctt^xm*<Dmf^xto?tox&ML 
aaitf i:iw^*i:fc«rfaxtt*s*ttte<iwLfcis 

[00 2 llt4bt>, *»Htt, bt««*iH8 0. 
2%»**8 0 0 N /mm z £k±.XJ£m* faKttVW.fi 
#lftfcWifttf»»fcfTofc(SL a"C**S*ta«tt©» 
£L*i*tttr*«fc (ftff^ft/JtW) a^o. o 
5xb-4 o^&§: b\z£V. &&&kmfmx&z 

0. 2%ilB^«r8 0 0N/mm 2 EA±^^L^(0«, 
8 0 0N/mm 2 *«"Cfc5i;, ^^JB^AtLTO 

ftSAttSOStittt J IS H 0 5 0 

[0022] f-^^«H^ojs**rRi±s*afc«)tc 
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jek L-tfftMMs s-ese fc *tm»w©aii*«r3ijE 

-g-fotfS r fc fc J:oTWa©tm#tttr**L-0*fc. 

*0» 0. 2%»Afcfttf¥«Jfc©±IB©J:5&H««r 
#Sfc»fctt. 2 0 /x mETPC&a&B 

[0 0 2 3] 4*3, *W©3i*SrttT**rfc*H , »tt 
£l*]±$-£5fcf4, fcififl^&iBfl&fcjlJgU a»o»*| 

[0024] *ic, *&w<D<?? vm&±owi&m 

I*, *»Siftfitt««rElK^i-atti:o+CUaTi 

SIM** 1,-0*5. 
[0 0 2 5] *«WK:*v^"Ctt:» ftttofttftiftMAft 
fcrtUOBKftRWnX, Sfcl$&&a©##**l£-rs 
£fc**S*fcfcoT^5. *&©TOSi&S£M*#f«:© 

[00 2 6] 20/i m£8*. fcvf-* 

yfl^&fcKe-rsfctt, aaaa&T i ©@&«#fc 

£*T&ai$IW£jIIEfc-t-5 r. fc fc J: ortftAttdEfrM 

-tt^+^fcfcfcfc, ^S©|6]±H@H5ttoo*»f 
;!)0Itt#lK*Sfcfcfcfc4*tt©tf&ot;iS£l , ; < 2 0 

[0 0 2 7] tiT, *»n««itmMWNK:BH- * 
«*©S*lfc£*Tofcife£:, *»fcfc*fU BS?-*fttl© 
a- (a + Cu 3 Ti) it#i»LEAT©a. 

ttttJU&Stf 20/. mM&ftvMtnffafMHKtttffS 
fc, !H*«rfiT**4v^T*t«llHt*JMfe*)*»» L 

t^-e#5r tSrjaWtfc. **5, a- (a + Cu 3 T 

i) WMtLoatfy cc) fco^-m, fflm&wicTi 

»*£x (%) fcU y = 5 0x + 6 5 0T2W5i 

tavct*. **s, *SiS&#f^fcfcfttfi8of;QDXtt:« 
Afffc4**» ¥®m&im& 3 m mMRlcftS i , * 

Cfcas&Sfcft, ¥^*Sii«£tt2 0//m^T\ #*L 
<(43~2 0Mmt-t-5. 

[0028] *fc» im&MtMkomm&* 100*0 



-fc&»-f.5;fcftfc#*LV\, 

[0029] $bfc x _LiE©J:5fc0. 2%W^Jt*»f 
*DXte©fctt©ffiW£#3fcf4, BflAfttt&tteH&K: 

S*5$>e, f5£i§.&«$;h,fc»fm, %fc*©T i z>5@*§ 
Sit, ^W)EJS»CJ;oTSDX$tl.fc^, WMttBttlld 
H*. ^©ftiaEEJiNp©iDiai4, 5~7 0%£ATt-f 
srfcass*Lv\ rjxtt, 5 %*^©*0Xgt?ti, flD 

ftlf*PXtt^*ft UT±S© «k 5*0. 2 fc M? 
AlXttOffttOffiHttttirttS r fc ftufc »T?S> 

[0 0 3 0] B^&a&fttt 3 0 OtRhe 0 0 

< ceiT-c*>5rfcasM*Lv>„ fts&a&afigas 
3 o oixmvb&kWKmtMMttistorwm 
3i*a5fa±tf1\ 6 o ot:sk±<omgt\zxmmk 
a*fro-ct>H»Ti**s*< (ffttttl:#'>ft<) , 

tt, 1W9J:1 5(^|B]£iT-C*>arfc*sS*UV\ r 
*U4, l^ra*»-Ctt^l-J:5^S, £®tt©ft±as 
1 5^lfflSre^5fc»LV^atJ: 

[003 1] W±©± 5 *Bf«(4> 

5 f - ^ v^-g-^T?fc or* ioxtticffi^fciUSi 
«©i©-efc(3, /j^-efiixfc*»f*pxtt, ft&m&m 

aas^Tfciis, ftmipxtttt»ir*ft:*-f, #389! 

©3b£tt3§«£;KS. 

[003 2] ±E©<t 5 fcSS&a^ i^Btt, -«lc, 

i *S»*aa©«fc>' , u^Jnx*Jfi i fc>tu*. #is^#^i4, 
7v*ini«fc*»ft»M?5 fc fc fcicteS*tff©«5fa 
«r±IBi!)fclS^-r.5ifclcJ;!5> *if*nxttas$ blc 
l6l±S*xSr.fcSrav'>ffiL.fc. 1-t£t>h, #3S9!©^3 
©#®tt^ Ti&2. 0KS%eJl±3. 5KS%WT^ 

C*5V>T, yw^SDX^IC^^a^fT^H, 
^5~15»tm-Cfc»J, A^O, «FSa«kaii]IC *Jf 

9J*v*5|6^-B:-f, ±IS^*fia«{c8! S*5 300Hvgt 
±, #*L<tt3 1 0Hv£H±fc*5JmX«afiS^-f5 

t©-c*>5. 

[0 0 3 3] *yt, #f§93©^4©!|tjStt, Ti&2. 
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0Mk%BLL3. 5K*%«Ta*U JEfcZn* C 
r, Zr, Fe, Ni, Sn 4 I Mn, PRXfS i 
OlS^LLSr&fi^O. 0 1fi%VU3. 0^g%^ 

vELh, #*L<tt3 1 OHvtt±tftaaiXlB«Sr* 
[0 0 3 4] ±E©±5 4KSS*^^^«l^ktt, S3!* 

^-fcajHStu* *©J:5ft»^- ****-h*mi 
[0 0 3 5] r*>m&&<omk 

XSSrftWU MfcHEKftft *o«©»H]ffiWfcfr, 
*W!ii»<l*»««*ft*rBliE+artfcJ:9, 120 

0 M P a » JbG>3l * Sr^ri" S iiS&g^* >«^*Sr 

K«ttfc#s r fc aspfte-c* a r fc £ jLW ufco 

[0 0 3 6] -fftsbfe, *»W©*5 0W»W:> Ti£ 
2. 0-3. 5R*%**, AffM&^nnKn^FIAMi 

OOMPaW, W«*3»l 0%IACSl^±OtOT 

[0 0 3 7] *»!BO»6©»aii 1 T i *2. 

0-3. 5Jt*%£*. JElCZnO. 0 5ff%«± 
2. Ofi%*B, Cr, Zr, Fe. Ni, Sn, I 
n»Mn, PXWS i<Oiaa±Sr|8:*"C0. OlSfi 
%£A±3. 0 U WMW^IiW 

1 2 0 0MP agJLh, UHtfrtfil 0% I ACS^t 

[0 0 3 8] ieSSMflE?-* 6 0 0^J^_b 

<OfflflET?KWIilBEIiUfca, »>T;toX&9 5%^±T& 

(DWL&^nwtmt z> z & -clew s r t #-e* s Q 

[0 0 3 9] 4fc, ±I2»5, »6tf)1$»£ 

[0 0 4 0] KB, ffeoWttedav^rj^oiraiA 



*«4RIHC#*Rr«t-r5fc«)«!:tt, 1 2 0 0MP a 
[0 0 4 1 ] : FPCffl(07t^S3^^^ 

six**, i*&jawft <o$E-cgg 

«K<* KB"C»±Lfc»«radkUIC<v\ ft 

te-efc l o% i Acs^itWM-cfcSo 
[0 04 2] fgS, m6<0»®«r^r1--5S5a«^^^ffl 

OBfttbAH) «r*LTlWltt*r2 0i»inaTfc 

mu d^oft^wms^iox*, Kt;^itx 

SrajElc-fS^jfetf*)!), rlxlcJ:orgi3i»Sd5l 0 
OOMPaStt, **ofttftt©«ixfcW»*«Jfi-C§ 
5 (WBPP7-2 5 8 8 0 3) o 
JtU Ti«S2. 0-3. 5Kfi%CD4ffli£:fo^T, 
C^KS^ftlCT, 9IS83SSdSl 2 0 0MPaK±O« 

Sfc* *JE^MTH*Q!»COV^XtT i&#2. 0- 
3. 5«*%OttH"Cttl 2 0 0MPa£JL±O9l5RMlS 

[0 0 4 3] *^WOKig*i5feiC^VNT«, rjRWIEEffi 

(DJRIBflEJI : JRMfflllWt, 6fiS6ai«*:*&9fk UEKSSit 

a©HDXSr*Sfci-SdS, «HBJE3B«pjc:#»iaflEds 6 0 
OWFfcfc* fc ^ try -^4W»Srjg 

rLrft*jj:fiS{ki-5fc«>. **tK»(Z>»MJiDXdSHJl 

7k»*^J:or«-3|sfo»»3aaSr2 0 Ot/f^Kit-f 

[0044] ©^wffM : ym*±tx. mm 
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&s mmttm) tmnnx^n. 

[004 5] t r 5*5, frl2l»BBBE®©i!DX*^SrJ^ffi 
Srilcto-c. *to^^WEEjgt?t.9 5% 

&£9 5%&,±b -jRtJllXS*Siai< fcSfc 

2 0 0MPa£t±©§|fc9&§fc*3.$fc«>|CWu JPI&fc 
UttfcftJ&fSiHW** 9 . JOI* 9 5 %E*±K-*- 5 Z 
bfcXvXl 2 0 0MPa£U:<D5IK3l£&:».5£i# 

[0 0 4 6] <3ffi%itBm: SfeK, ftHEEtt***.fctt 
r.«0«?©Nf»A!ya*frSr3 4 0t£U:4 8 0t5fc}*i U 

e>*vfcv>fc*, 3 4 0 < C^±4 8 0 < C7)efito?ag3SHt 

[0047] Np^asf pfl«r i B#F(a^± 1 5 m$ 
*m t Lfc»tt, i «wn5fej(i-cw:««*te t s&g, mm 

[0 0 4 8] ±EOi5 4W!l*^v«ir±, 

*»WO»7©WiB:, Ti&2. 0**%£lUL 



[0 0 4 9] #36?H©£8©«Mftl4, Ti&2. 

0~3. 5**%**, HfCZnO. 0 5Rfl%£Lb 
2. 0OT;%*iSk Cr, Zr. Fe, Ni, Sn, I 
n, Mn, P&tfS i © 1 »£Lh£&fi-e0 . Olffft 

nm^bimf-f^m^^^x, ■ji'^mxmctif 
®»iimtffit>ti, ±&mjfimmz.m £a5 345Hv« 

[0 0 5 0] ±BW7» *8 0WR**+SK3i*^# 

vgaii, 6 o 0t&i±©ffl«-efnsiffisufc«s ttv^-c 
fiaxg. 9 5 %«±-c?&iaEji L-csiig-r 5 r t a*-? t , 

[0 0 5 1] 

[SUM] [JBl&Itfl] *891tttfc#SU*64tt 
1 Jtlkftllc <fc 9 JEfc AfcttfcRW?-*. 

^iwT^i (mkm s.^2 (it«w fc*r«-«ia 

fifcWffi-g'&'f V=*y h (5 0mm * X 1 0 0mm w X2 
0 0mm 1 ) SrSEHUfc. ftlc, Zilb&>f>=ty h£ 
8 5 0~9 5 O'CoaS-Cl^TOD^. fiMffiSSrtT 
1^8 mm* £©«&#*:. fc3b\ ^©^©j&ffiBEMm© 

«»a«tt6 5 ox:u±t u $Mmtiktttm**iti 

Lfco fcvvT?, «©&iE©a{UI*IIFafLTI*£flL EE 

m.. »Kffl£> lWb»Stm\ 0. 2mmi$OWf 
A1" SHifciflfrofc.- i<£>l$©ft*Pi£g(i2 0 Ot 

/WM.x&z>ztz. tm*BKitttt*tt9ffi*s 

£i:fcJ:9?*BLfc. itz, ^tptCtt, a- (a + Cu 

3 Ti) *jmoaft*itifiLfcflui£ (y = sox + 

6 5 0) l£T#*fc1i£rtti2-fS. * 1 fc^-f i 5 
*%WXfta- (a + Cu 3 Ti) mftmXTXhiX 

[0 0 5 2] 
1^1] 
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[0054] ±&-m<D&m&ifcrzb\z£*)ftbtiti 

5£i:fcJ:ot\ 0. 2%»^, J 
I SZ 2 2 0 IRtfZ 2 2 4 1 ld&oT$JJ£ Ltz 0 ft 
iC, *JfiPXtt^oi>T»ll 0mm w x 1 0 0mm 1 (0 

( j i s h 3110) **8tfiitf¥«TrtTV\ 0* 

J BTA T3 0 7 : 1 9 9 9tCfc5 

? ^ * c aiojiffft ft 5> fl 

®n<o%±i,twm'h<Dmf¥mtt u/\ : r ; 

t («*) ) fttfSSSrftS* 



Alftkri, fttf4«4*s** J£MJjfab*mJjfa (Bad 
Way) I^J;9ffMBLft:, *fc> toff* it*> 

[0 0 5 5] 3c 3 (HffiW *5<fctf4 (Jtttfl) £±SB 
WtWRott**^-. *X9]0>?eKfflN o . 1-24 

0. 0 5Xb~40fcft9, ilS3ft«i*Jf*IXtttj55/< 
o. 2 5-3 9tt, KTKRMi-SiJ^ #?£^<Dg 
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[0056] No. 2 5, 2 

0. 2%W^^8 0 0N/mm 2 ^±<DS55Sa^# 
&tiftV\ No. 2 7, 2 8m ft&ti**ftW<n'£M 

n*>*4kx 9«< , arr < Atr»ixtt*« 

[0 0 5 7] No. 2 Zni##tf?8«l, N 

o . 3 0 ttftft] LfcH*4>0»***-t- ff D . 

cixfettv^i"*bt»flW*fi<, tttfaoxttfcJBv*. n 

o. 3 1, 3 2ttS»fia** s i«+?5«"C*>*^, 2 

©o. 2%B^o^0StJt«"r5t*(f*Sit^>:$ 

<, fttfJOXtttfJB^. ft*. No. 3 1ttffiKltUft7 
&ofc 0 *<Bfc«>, No. 3 10Sp»»»ttStt2 5|t 
mi:No. 3 2 *Jf^itdS3. 0~ 

5. 0O«B"CttbOV^fc 0 fcio, *4fctt*<0**fl| 

[0058] No. 33, 3 4tt»mEffi<D»X«aSi!5 



1-*£ifcJ:?K i!5v>0. 2%B*tt»&ixfcj^ ft if 

apxttsiWv\ no. 3 5 tt^ftiaatasdsfi^w-efc 

v\ no. 3 6 tt«aiiaai*ini^s-rs? s«t*9, » 
«a*ttifctfto, o. 2%i*#8Tift. 

[0059] No. 37 tt^MaAaft^iRfff, «F» 
vrfcft, +#&0. 2%jB*dS#6tiftj6*ofc. No. 

3 8 tt«F»»a«pm* s fiv>«-e* 9 > 

» 0 . 2 %»* j&MKV \> No. 39 tt«fflb«aa*35Sfi: 

o. 2%»*as»&jxfcv\, 

[0 0 6 0] «±<D <fc 5 fc, *»Hfl>Mfcfl|'Ctt, 9jE 
4JB*|C*3V^"C, a- (a + Cu 3 Ti) HJMIKT© 

(BEE®, ^^a$r®iEft^"Cfi 1 9-^t-<t , 9. 0. 

2%»*tfttf*a*toft#4BB«*»e>ix, mmx 

r x 0. 2%BAfc*lfiN6H:©ft»4BB»ds#6)ii 

[0 0 6 1] 
[*3] 



[0 0 6 2] 



No. 




0. 2Xltfj 




0. 05 




Ktt* 




(N/mm 2 ) 


(b) 
(N/ram l ) 


(%) 


Xb 
-40 


(r/t> 


(% I AC S) 


1 


10 5 0 


900 


1 5 


5. 0 


3. 0 


1 4. 4 


2 


103 0 


880 


1 7 


4. 0 


2. 0 


1 4. 3 


3 


1 030 


9 00 


1 5 


5. 0 


2. 0 


1 4. 1 


4 


1 020 


9 00 


1 6 


5. 0 


2. 0 


1 4. 3 


5 


1050 


940 


1 5 


7. 0 


3. 0 


1 3. 6 


6 


10 7 0 


9 60 


1 4 


8. 0 


3. 0 


1 3. 2 


7 


1030 


8 90 


1 7 


4. 5 


3. 0 


1 4. 2 


8 


880 


830 


2 3 


1. 5 


1. 0 


1 5. 3 


9 


970 


8 8 0 


1 8 


4. 0 


3. 0 


1 3. 4 


1 0 


10 10 


9 0 0 


1 7 


5. 0 


3. 0 


1 4. 4 


1 1 


10 6 0 


9 2 0 


1 7 


6. 0 


3. 0 


14. 5 


1 2 


1030 


9 1 0 


1 5 


5. 5 


3. 0 


1 4. 5 


1 3 


10 7 0 


9 3 0 


1 0 


6. 5 


4. 0 


1 3. 4 


1 4 


104 0 


9 10 


1 5 


5. 5 


3. 0 


1 3. 4 


1 5 


1040 


920 


1 4 


6. 0 


3. 0 


1 3. 7 


1 6 


9 50 


8 5 0 


20 


2. 5 


0. 0 


1 3. 5 


1 7 


1110 


95 0 


8 


7. 5 


4. 0 


14. 7 


1 8 


10 10 


90 0 


14. 


5. 0 


3. 0 


14.0 


1 9 


970 


86 0 


1 8 


3. 0 


1. 0 


1 5. 1 


2 0 


1060 


940 


1 0 


7. 0 


3. 0 


14. 0 


2 1 


990 


900 


1 2 


5. 0 


4. 0 


14. 4 


2 2 


1050 


9 3 0 


1 1 


6. 5 


3, 0 


1 3. 7 


2 3 


10 8 0 


S 9 9 0 


8 


9. 5 


4. 0 


1 4. 7 


24 


1040 


I 9 3 0 


1 1 


6. 6 


4. 0 


14. 6 
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* V 



No. 


(N/mm*) 


0. 2%WJ) 

(b) 
(N/mm 1 ) 


{%) 


0. 05 
Xb 
-4 0 


(r/t) 


(% l ACS) 


2 6 


6 80 


6 0 0 


1 1 


— 


5. 0 


35. 0 


2 6 


7 9 0 


7 10 


8 


— 


5. 0 


20. 3 


2 7 


7 5 0 


7 2 0 


1 


— 


8. 0 


10.4 


2 8 


8 0 0 


7 5 0 


2 


— 


7. 0 


1 0. 3 


2 9 


960 


86 0 


8 


3. 0 


5. 0 


8. 3 


3 0 


9 5 0 


8 4 0 


I 0 


2. 0 


5. 0 


7. 1 


3 1 


8 5 0 


7 6 0 


2 5 




5. 0 


14. 3 


3 2 


QQA 
O O V 


8 0 0 


2 0 


0 . 0 


4 . 0 


14.4 


3 3 


1150 


97 0 


1 0 


8. 5 


>10. 0 


1 5. 3 


34 


118 0 


9 9 0 


1 5 


9. 5 


>10. 0 


' 15.1 


3 5 


8 2 0 


7 5 0 


3 




3. 0 


1 2. 1 


3 6 


8 9 0 


7 8 0 


20 




3. 0 


15. 2 


37 


800 


720 


1 8 




1. 0 


15. 1 


3 8 


8 5 0 


760 


7 




4. 0 


12.3 


tat 






7 




3. 0 


12.4 



[0 0 6 3] [182 5 
£J£Lfc 0 mtotoMft* No. 2\CMLX\t4 OOtr? 

6ffl, No. i oi:»uttt3 8 ox:vemm^fo 



feoKRjm, «pai«yi«OB!S^3 1 0Hv£JUb"C*> 
13, §ISB3fi*t>l 0 0 0MPa«±-C*)ofc 0 
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s> h Q&ft : 5 0 mm t X 1 0 0 mmw X 1 5 0 m 
ml ;ft»7 0 00 g) ©IWWSrSWrU 

8 5 0t-ClftlWK±aD»bfc«, Wft&«&6 
0 0 X:£k±.\ZQkW LXm J8mm* -CjfoKEJ£*fTV \ 



fft* *BOBMb^4r-A'«r^B5l90. 4mmff 

[0 0 6 6] 
»6] 



[0 0 6 7] 



No 


IU£ (mas s%; 




N Life ft 




T i 






mnii-tt 

Of.) 


MUM 


fflflt CO 


(mm) 


US 

CC) 


<h r) 


i 1 


2. 3 


r 


680 


8. 0 


9 7 


3 8 0 


6 


2 


2. 6 


— 


700 


6. 0 


96 


380 


6 


\ 3 


2. 9 




730 


8. 6 


9 7 


3 80 


1 0 


1 ^ 


3. 2 


- 


700 


8. 0 


97 


380 


1 0 


; 6 


3. 4 




7 10 


7. 5 


9 7 


3 6 0- 


o 


6 


3. 6 




730 


8. 0 


97 


360 


6 


7 


2. 9 


Zn 1. 0, FcO. 20 


700 


8. 0 


9 7 


400 


6 


8 


2. 6 


SnO. 21 


700 


8. 5 


98 


3 80 


6 


9 


2. 5 


C r 0. 10 


n i o 


7. 6 


96 


420 


6 


LO 


3. 0 


ZrO. IS 


700 


7. 5 


97 


380 


1 0 


1 1 


3. 2 


FcO. 20 


720 


8. 0 


97 


360 


8 


1 2 


2. 7 


Nl 0. 30 


700 


8. 0 


9 7 


380 


6 


1 3 


3. 2 


\ n0. 25 


680 


8. 0 


97 


380 


6 


1 4 


3. 0 


MnO. 10 


70 0 


8. 5 


9 6 


3 80 


6 


I 5 


3. 1 


P0. 07 


7 00 


8. S 


98 . 


3 60 


8 


1 6 


2. 8 


S 1 0. 13 


7 10 


8. 0 


9 7 


4 20 


6 


1 7 


2. 7 


ZnO. 7,CrO. 30, 
ZrO. IS 


7 1 0 


8. 0 


97 


4 00 


6 


1 8 


2. 9 


Z n 1 . 2. I n 0. 10. 
Fe 0. 1 6. P0. 0 3 


730 


8. 0 


9 7 


3 80 


6 


1 9 


3. 1 


SnO. 16, PO. 1 5 


7 20 


7. 5 


96 


420 


6 


2 0 


2. 6 


MnO. 1 5. PO. 1 0 


7 0 0 


7. 5 


9 9 


360 


4 


2 1 


2. 9 


ZnO. 8.N I 0. 25. 
S 1 0. 05 


740 


8. 0 


9 7 


360 


8 


2 2 


3. 3 


Znl. l.CrO. 1 5. 
Z r 0. 0 6. MnO. 0 6 


7 50 


8. 0 


9 7 


380 


1 0 


2 3 


3. 2 


ZnO. l.NI 0. 25, 
SnO. 15 


7 1 0 


8. 0 


97 


380 


6 



[&7] 





&U£ (ma s s X) 




No 


Tl 






mxst 
% 




HKOC) 


(mm) 


(t) 


1 WW 

1 (hr) 


24 f 


1. 5 




680 


8. 0 


97 


4 20 


f 6 


25 


0. 009 


Znl.5.Cr0.30. 
ZrO. 15 


6 80 


8. 0 


97 


420 


1 6 


26 


5. 5 


N I 0. 50. PO. 15 


720 


35 




27 


4. 0 


ZnO. 5.N 1 1.20. 
SnO. 50 


720 


8. 5 




28 


2. 8 


Zn4.2.Nl 1.30. 
S 1 0. 40 


700 


8. 0 


96 


380 


6 


2 9 


3. 1 


Znl.S.N! 1.50. 
Snl. 10. PO. 30 


700 


8. 0 


96 


380 


6 


30 


3. 0 




580 


25 


*> KWB 






3 1 


2. 9 


Znl. S 


580 


1 5 






32 


3. 2 




7 00 


1 0 


85 


360 


6 


33 


2. 7 


Zn 1. 0. InO. 30. 
PO. 1 5 ! 


720 


1 0 


90 


360 


6 


34 


3. 1 


Z n 1 . 5. Fe 0. 3 5. 
MnO. 15 


700 


8. 0 


97 


200 


6 


35 


3. 1 


Znl. 8. SnO. 50 


700 


8. 0 


96 


4 50 


50 


36 


3. 0 




700 


8. 5 


98 


6 5 0 


0. 5 


37 


2. 9 




7 20 


8. 5 


98 


450 


0. 5 


38 


2. 8 




750 


8. 0 


96 


2 00 


5 0 


39 


2. 9 




7 30 


8. 5 


97 






40 


3. 2 




700 


8. 0 


97 







so «n»!t»«A*r 
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10 0 6 8] *LT, ±IESjgI@fc±9#e>Jxfc«# 

1*, ®8£>ZWm-i-ZR.8tkLX J I S Z 2 2 4 UC 
£»K §ISK*fcffv\ 0. 2%»A, §l!g3i$RUt# 
VSrOfMBSrfrftofc. 4#WWm. J I s z 2 



2 0 1 let 0 1 3 B^WfUf Lfc. Wt*f* J 
IS H 0 5 0 5 fcttoT8»£Lfc. MBIMtfcS 

[0 06 9] 
[S8] 



[0 0 7 0] 



No 


(MP a) 


0 2 

w « €t m 

(MP a) 


rr W 
(%) 


(X I AC S) 


pi mi 


i 


i 9 ^ a 


1 1 ft A 


O 

o 


in 9 




1 9* 


i 9 7 a 


1 9 9 A 


Q 

o 


11 


Way 


o 
o 


1 O Oft 
1 £ 5f VJ 


1 9 A A 


c. 


11 9 


Jxirr 


** 


1 q i n 
l o i u 


1 9 ft A 
1 Z 0 u 


0 


1 A *3 
1 u . o 


l*t /fir 

i*yr 


0 


1 Q A A 
I O V V 


1 *> O A 

1 z z u 


o 


It ^ 




/» 
0 


1 ^ 1 A 

13 10 


1 O >1 A 

1 Z4U 


o 


1 0, o 


J*Pr 




1 o n a 
12 9 0 


i 1 1 A 

12 2 0 


o 
o 


11. 5 


l*l ATT 
I* Pi 


8 


i o a a 

13 0 0 


12 5 0 


3 


10.4 


l-'l #iV 


y 


t o C A 

1 Z b 0 


1 O A A 

12 0 0 


4 


10.3 


ftJr 


l 0 


12 8 0 


12 2 0 


3 


11.7 


jaw 


1 l 


12 7 0 


12 0 0 


2 


1 1. 2 


J*W 


1 2 


12 50 


1180 


4 


1 2. 3 


fiW 


1 3 


12 9 0 


12 10 


3 


1 2. 2 


jaw 


1 4 


12 8 0 


12 3 0 


3 


11.1 


jaw 


1 5 


13 10 


1 2 5 0 | 


2 


10. 0 


jaw 


1 6 


12 7 0 


12 10 


3 


11.1 


jaw 


I 7 


1280 


12 10 


3 


1 2. 0 


jaw 


1 8 


1290 


1 230. 


2 


1 0. 8 


jaw 


1 9 


12 6 0 


1200 


4 


1 1. 6 


jaw 


20 


1300 


1240 


3 


10.4 


jaw 


2 1 


12 8 0 


1 2 2.0 


3 


1 2. 1 


jaw 


2 2 


12 8 0 


12 30 


2 


1 2. 0 


jaw 


2 3 


12 7 0 


1220 




CP] 11 " 7 


jaw 



No 


(MPa) 


0. 2%M)J 
(MPa) 


totf 
(%) 


mm 

{% I AC 
S) 


im 


2 4 


7 80 


7 2 0 


2 


26. 4 




2 5 


800 


7 2 0 


2 


55. 1 




2 6 












2 7 












2 8 


1280 


12 2 0 


1 


8. 0 




2 9 


12 8 0 


12 2 0 


1 


7. 8 


*a 


3 0 












3 1 












3 2 


116 0 


10 9 0 


1 


1 0. 3 


*ja 


3 3 


1180 


110 0 


1 


1 0. 1 




3 4 


12 10 


110 0 


1 


5. 7 




3 5 


1040 


940 


2 


1 3. 2 




3 6 


10 6 0 


10 0 0 


1 


1 3. 1 




3 7 


12 5 0 


116 0 


1 


8. 0 


*ja 


3 8 


12 3 0 


113 0 


1 


5. 8 


*ia 


3 9 


12 2 0 


112 0 


1 


6. 0 




4 0 


12 5 0 


116 0 


2 


5. 8 





[0 0 7 1] S8 0*jg««fl, (5ttlh7*—*m** 
2 9 — k UTK*$tb* 12 0 OMP a EU:0>§l363a$ 
£;£U No. 4~6, 8, 15, 20fil 3 00MP 



*7>WC*5^T, No. 2 6, 2 7, 3 0, 3 1(t M 
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«rtt<OWffidST?#ftd»ofc. -Tftfc*>. No. 2 6, 
2 7 t*T i Mfc£'tgZ>1Z#)K No. £ 6 ttjRIBffiJBlC 
TtH*itf»aiU 3 5mmOiP**l^|IIIJBi«rff4o 
fctf, *Oft<OllflXttff*>*A»ofco No. 2 7&®m 

fcTS«HXjW8£Lfc. No. 3 0, 3 1(1, flt 

[0 0 7 2] No. 2 4teT iTOftv^ft, tttftf 
4£V\> No. 2 SfcHWCT iftj&*4>ft<, Cu-C 

a»MEl> 0 No. 2 8, 2 9ttZn«<O^S#*V\fc: 

ft, iSS*dM6<, No. 2 9tt»ME3S*^WWttfc 

[0073] No. 32, 3 3\*&mi£M<DMJ:8l<D& 
ffi1*«?Sfcft, »«*ffiV\ No. 3 4, 3 8iiP»3M. 
SMfil^feft, No. 3 8ICT5 ONfMirftV^^H 
SrH»Tfc@fa©*«*lj:aLftv^ No. 3 7 

0fao»«*^au*v\ no. 3 

[0074] No. 39, 4 0fttIlNo. 3, 4£> 

[0 0 7 5] SLbDiSfc, *^ 

1 2 0 0MPaK±<D9l»»*, 10%IACSH±© 

[0 0 7 6] DK4»Kffi «3»kMo*6 0ftinE 
JBES-e^XSSrfTofcfcOd^*! OlclB^t^SrS 

SLT^i^iqxufc, no^w^aoxtfcKIUtKJ# 

UT»3ltl6«tracftfrl?l««i«k31S:lKLfc. 

«*tr 5 m t «-e««>i-^#s«H*«r^ 3 fc n c 

#8re»tttU 1 0fcflMBUfc o • 

»«ffla<0K*>i-©J»f***4rJH^ U ^o^$r^ 1 
ofcfflELfc. 4*5, ffl8HWr#rRl*S* 
U100X1 OmmOKS-SrW^fflLfeft, gf 
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[0078]$1 O^WSITK 
No. 1 ~ 1 0 tt, l&jUftlfftO&fttf't y y i> Affl 
(No. 16) lcESaStt-5ttt>J-, S5^itS^Sr#U 
rv^^) <> rtLir^ur. No. nii^>©§fW 
2. 0«fi%*i»T?&5fc«>3lffi5&«sW£v\ *fc, N 
o. l flMMS»«Mi«K*#<4ofc. 

[0 0 7 9] 

rv^fc»tt*»««Bi*i, ft ^s^4<oii5v^is^■ • 
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tt, f-^viJte&teovvcgia&Sas 1 2 0 OMPaB 
±, 9IW10%I Acs.gt±t, *<)) y^AffltcE 
»1-5KiMEflS*iaii. ttAfflOtt? • 
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